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Understanding the effects 
of climate on ocean 
carbon pools
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The Global 
Carbon Cycle
• 22% of anthropogenic CO2 goes 
to ocean, 28% to land 
(LeQuere et al. 2017)
• If not for the ocean, the 
atmospheric concentration of 
CO2 would be about 80ppm 
higher than at present (Ciais et 
al. 2013, Khatiwala et al. 2009, 
2013)
• Of all fossil fuel emissions to 
the atmosphere (375PgC), the 
ocean has cumulatively 
mitigated 41% (McKinley et al. 
2017)
How does the ocean 
absorb carbon?
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From Atlantic Biogeochemical Fluxes project (Credit:NOC/V.Byfield)
Phytoplankton = chlorophyll
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Global satellite ocean color 1997-present (SeaWiFS-MODIS-VIIRS)
Effects of climate on Oceans
• The complexity of how climate affects the biological
pump (and other players in the carbon cycle) requires
an interdisciplinary approach
• Climate acts at various timescale (seasonal,
interannual and trends)
But there is more to phytoplankton than just chlorophyll a…
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• Example of the effect of El Niño versus La Niña
• In terms of trends, some indication of changes in
various parameters. Longer time series needed to
confirm
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PACE
• Mission to launch in ~2022-2023
• Hyperspectral ocean color instrument (340-
890 nm, 5 nm)
• Two polarimeters
• 1-km2 ground sample distance at nadir
• Monthly lunar calibration of all science 
detectors
• ± 20-deg tilt to avoid sun glint
• 2-day global coverage
• Focused on understanding why ecosystems 
are changing
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Take-home messages
• Ocean plays an important role as a sink 
in the carbon cycle but how long will it 
continue?
• The biological pump is affected by 
climate variability and changes
• The phytoplankton community is more 
than just chlorophyll a
• There are some indications of trends in 
phytoplankton concentration and 
composition that could alter the role of 
oceans in the carbon cycle
• Missions such as PACE combined with 
an interdisciplinary approach will 
improve our understanding of these 
changes
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